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ABSTRACT 
Considerable decreases in the support provided by prophylactic ankle taping develop 
in as little as 10 minutes of activity allowing for significant increases in range of motion. It is 
commonly believed that this increased range of motion (ROM) is due to stretching of the tape 
causing increased laxity in the tape. However, constant motion and added compression of the 
prophylactic method used to reduce injury could increase the local extracellular pressure in 
the ankle and foot causing increased lymphatic and venous return, which would decrease 
lower leg volume. If this volume decreases, the structural base for prophylactic device is 
compromised. Therefore, the increase in ankle range of motion and perceived laxity of the 
tape may be an effect of soft tissue compression instead of tape expansion. The purpose of 
this study was to evaluate the effect of taping and exercise on lower leg volume. The 
compressive element of taping was hypothesized to cause a decrease in volume of the taped 
region. 
Fifteen-college aged, physically active, healthy subjects (4 female, 11 male) provided 
informed consent and volunteered for this experiment. Lower extremity (ankle and foot) 
volume was measured before and after activity in a taped and an un-taped condition. A 
fifteen-minute bout of exercise on a slide board was chosen as the activity due to its ability to 
repeatedly stress the ankle joint similar to what would be experienced in a cutting maneuver 
where ankle support would be important. No measurable difference in lower leg, ankle, and 
foot volume was observed pre- and post-exercise for the taped and un-taped conditions. 
Additional work should be conducted to assess the variables that influence the 
vii 
method of volume measurements such as body position, foot placement, or rate of volume 
restoration in a compressed region. It may also be useful to explore how the material 
characteristics of athletic tape change over time. 
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CHAPTER 1. INTRODUCTION 
The nature of sport and recreational activity predisposes athletes to injuries. Due to 
the ankle's high usage and importance, injuries to this region are the most common in sports 
today (Arnheim, 1994 ). There are 24 sanctioned men and women's sports and 6 provisional 
women's sports in National Collegiate Athletic Association (NCAA) member and 
provisional colleges and universities (NCAA, 1997). Of these, only four (men's and 
women's rifle, archery, and equestrian) would not require the active involvement of a healthy 
ankle. Sports requiring rapid cutting place the ankle in potential injury situations. 
Prophylactic taping and bracing provides viable options for the reduction of the 
chance and severity of an injury. Most tape used for injury prevention and support is a two-
component material consisting of a backcloth, and an adhesive mass made of a latex or 
acrylic base (American Academy of Orthopeadic Surgeons [AAOS], 1991). Taping has been 
criticized in numerous studies for its inability to maintain support after 10 to 20 minutes 
(AAOS, 1991; Arnheim, 1994; Frumich, Ellison, Guerin, & Grace, 1981; Greene & Wight, 
1990; Laughman, Carr, Chao, Youdas, & Sim, 1980; Loos & Boelens, 1984; Malina, Plagenz 
& Rarick, 1963; Pope Renstrom, Donnermeyer, & Morgenstern, 1987; Rarick, Bigley, Karst, 
& Malina, 1962; Robbins, Waked, & Rappel, 1995; Shapiro, Kabo, Mitchell, Loren, & 
Tsenter, 1994; Sitler, Ryan, Wheeler, McBride, Arciero, Anderson, & Horodyski, 1984). It 
has been argued that despite it's inability to remain rigid, ankle tape does reduce occurrence 
and severity of ankle injuries (Larsen, 1984; Pope et al., 1987). Laughman et al. (1980) 
suggests that tape correctly applied to a joint acts as an external ligament that aids in 
restricting excessive joint motion. They theorized that the benefits of tape occurred through 
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an increase in proprioception due to enhanced kinesthetic responses and reduced of range of 
motion (ROM). 
Injuries to the ankle are the most frequent injuries in sports (Amheim, 1994 ). Surve, 
Schwellnus, Noakes, and Lombard (1994) state that the lower extremity accounts for 64% to 
88% of all injuries in European soccer. Of these injuries, 85% were ankle sprains. Bahr, 
Karlsen, Lian, and 0vreb~ (1994) report approximately one-quarter to one-half of all acute 
injuries are ankle sprains. In recreational and competitive sports, the ankle is involved in 
15% of injury situations (Greene & Wight, 1990). Many ankle conditions, especially sprains, 
can be reduced by proper taping or bracing (Arnheim, 1994). It is assumed that external 
support increases ankle stability by reinforcing the ligaments and restricting motions such as 
extreme inversion. Whichever device is used, it shares the applied moment with the ankle 
and achieves a stiffness that is higher than the ankle alone provides (Shapiro et al., 1994). 
The effectiveness of ankle taping has not been clearly established or refuted, and the subject 
remains highly controversial. 
It is commonly believed that tape expands after application, which decreases its 
ability to provide support and increases ROM of the taped joint. Past studies have shown 
that after ten minutes of vigorous exercise, the degree of support offered by the tape 
decreases in some instances as much as 40% (Greene & Wight, 1990; Frumich et al., 1981; 
Malina et al., 1963; Rarick et al., 1962). There have been few attempts to determine the 
cause of this loss of support. According to Andreassen and Bengt (1983), from a medical 
point of view, the main purpose of tape is to support a ligament in the initial stage of 
concentrated loading. Since the muscles do not come into action rapidly enough, the force 
pulse would overload the ligament if the tape were not there to share the load. Their research 
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suggests that the tape should respond rapidly and have a little slack. Limitation of foot 
motion within the frontal plane may only be required near the limit of its normal physiologic 
range to prevent ankle ligament injury. If so, significant tape loosening would not 
necessarily eliminate its protective effect (Wilkerson, 1991). 
The increase in range of motion may not be from the tape expanding, but from 
compression of the soft tissues of the lower leg, ankle, and foot. The use of compression has 
been used for decades to reduce edema, swelling, or effusion in various body areas. 
Adhesive taping is an effective method of preventing edema and adhesions (Larsen, 1984). 
The constant motion and added compression of the prophylactic method used to reduce 
injury could increase the local extracellular pressure. This increase in pressure would 
increase lymphatic and venous return decreasing the volume of the lower leg and soft tissue 
around the lower leg and ankle (Harrelson, Weber, & Leaver-Dunn, 1998; Knight, 1985). If 
the volume of the soft tissue in the distal half of the lower leg decreases, a sizable portion the 
structural base for prophylactic device decreases. The significant rise in ankle range of 
motion and perceived laxity of the tape may be an effect of soft tissue compression instead of 
tape expansion. 
Purpose and Hypothesis 
The purpose of this study was to evaluate the effect of taping and exercise on lower 
leg volume. Volumetric tests were performed to determine if changes in foot, ankle and 
lower leg can be attributed to athletic tape or exercise. It was hypothesized that the 
compressive element of taping would cause a decrease in volume of the taped region. 
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CHAPTER 2. REVIEW OF LITERATURE 
Anatomy 
This review of literature contains relevant information about the ankle. Included is 
relevant anatomy and ROM, mechanisms for injury, injury statistics for the ankle, and injury 
prevention techniques. Volumetric concerns of the lower extremity are also described in this 
chapter. 
Bony Anatomy 
The ankle and motion occurring at the ankle is comprised from two separate tarsal 
joints: the talocrural joint, or the "true ankle joint," and the subtalar joint. The talocrural 
joint is a hinge joint that is formed by the bones shown in Figure I (AAOS, 1991): (1) the 
articular facet on the distal extremity of the tibia, which articulates with the superior articular 
Figure 1. Bones of the Ankle. 
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surface (trochlea) of the talus, (2) the medial malleolus, which articulates with the medial 
surface of the trochlea of the talus, and (3) the lateral malleolus, which articulates with the 
lateral surf ace of the trochlea (Amheim, 1994 ). The talocrural joint is of the mortise and 
tenon variety. The tibia and fibula sit astride the talus similar to a person riding a horse 
(Sinton, 1973). The medial malleolus projects down to the level of the talus. The lateral 
malleolus projects down to the level of the subtalar joint, considerably farther than the medial 
malleolus, and thus provides greater bony stability for the lateral side of the talocrural joint. 
This is the major joint responsible for controlling sagittal plane movement (Valmassy, 1996). 
The talus, the second largest tarsal and the main weight bearing bone of the 
articulation, rests on the calcaneus and receives the articulating surfaces of the lateral and 
medial malleoli. Its almost square shape allows the ankle only two movements: dorsiflexion 
and plantar flexion (Arnheim, 1994). The talus is wider anteriorly than posteriorly: the 
lateral wall slopes outward instead of being parallel to the medial wall. The tibial portion of 
the joint is also wider anteriorly than posteriorly. Because of this, the most stable position of 
the ankle is with the foot in dorsiflexion. In this position, the wider anterior aspect of the 
talus meets the narrower portion lying between the malleoli, gripping it tightly. As the ankle 
moves into plantar flexion, the wider portion of the tibia is brought in contact with the 
narrower posterior aspect of the talus. This provides a small amount of free play in the ankle 
joint, as the wedge effect noted in dorsiflexion is lost. This bony arrangement also helps to 
promote anterior stability of the ankle joint. As the tibia is driven forward on the plantar 
flexed talus, the narrower part of the tibia impinges on the widened anterior portion of the 
talus, blocking forward dislocation of the tibia on the talus (AAOS, 1991). 
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The subtalar joint is the articulation between the talus and the calcaneus. These two 
bones articulate together at three facets on the inferior surface of the talus and the 
corresponding facets on the calcaneus. The posterior facet of the talus articulating with the 
broad, superior surface of the calcaneus is united by ligaments and a capsule so that the joint 
is anatomically distinct (Valmassy, 1996). 
Soft Tissue 
The ligamentous support of the ankle additionally fortifies its great bony strength. 
This support consists of the articular capsule, three lateral ligaments, two ligaments 
connecting the tibia and fibula, and the medial or deltoid ligament. Figure 2 shows these 
main structures (AAOS, 1991 ). The thin articular capsule encases the ankle joint and 






Figure 2. Soft Tissue of the Ankle. 
Lateral view 
7 
capsules in that is thick on the medial aspects of the joint but becomes a thin gauze-like 
membrane at the back (Amheim, 1994). 
The lateral collateral ligaments and the medial collateral ligament, or deltoid 
ligament, establish the ligamentous integrity of the ankle joint. These ligaments serve to 
stabilize and limit the available range of sagittal plane motion at this joint (Valmassy, 1996). 
The lateral collateral ligament of the ankle is T-shaped and consists of three distinct 
ligaments. The posterior talofibular (PTF) ligament arises from the posterior portion of the 
tip of the fibula and runs backward and downward to attach to the lateral tubercle of the 
posterior process of the talus. This ligament helps to resist forward dislocation of the leg on 
the foot. The calcaneofibular ligament passes inferiorly in a posterior direction to insert on 
the lateral surface of the calcaneus. This ligament is complete! y relaxed when the foot is in a 
normal standing position. It does not become taut until the calcaneus makes a strong 
supination movement. The anterior talofibular (ATF) ligament arises from the anterior 
border of the lateral malleolus and passes forward and medially to attach to the neck of the 
talus. Its direction corresponds to the longitudinal axis of the foot and is taut in all positions 
of plantar flexion (AAOS, 1991). 
The deltoid ligament is a broad triangular band with bony insertions on the navicular, 
talus, and calcaneus. It attaches inferiorly to the medial surface of the talus, to the 
sustentaculum tali of the calcaneus, and to the posterior margin of the navicular bone. The 
deltoid ligament is the primary resistance to foot eversion and assists to maintain the medial 
longitudinal arch. 
The subtalar joint is held together by four ligaments that are well adapted to the 
severe stresses applied to them during weight bearing. The main ligament is the interosseous 
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talocalcaneal ligament. The interosseous ligament has been described as limiting both 
inversion and eversion of the subtalar joint as well as primarily limiting eversion. The lateral 
talocalcaneal ligament and the inferior retinaculum limits inversion of the subtalar joint. The 
fourth ligament, the posterior talocalcaneal ligament, is of minor functional significance 
(Valmassy, 1996). 
Ankle Range of Motion 
Dorsiflexion and plantar flexion of the foot are generally considered to take place in 
the talocrural joint, either around a single, hinge-like axis or around axes that differ in 
position between plantar flexion and dorsiflexion (Lundberg, Goldie, Kalin, & Selvik, 1989). 
Anatomically, the superior articular surface of the talus is narrower posteriorly than 
anteriorly, and may be considered a section of a wedge. Therefore the amount of possible 
dorsiflexion is limited (Reid, 1973). The movements of the ankle joint occur about an axis 
that is usually described as frontal (ML) but is actually slightly oblique. This is explained by 
the slightly posterior position of the lateral malleolus relative to the medial malleolus 
(Luttgens, 1992). The axis of the ankle joint lies approximately 8 degrees from the 
transverse plane and 20 - 30 degrees from the frontal plane. The obliquely oriented ankle 
joint axis allows transverse plane motions to occur in the foot or leg with movements in the 
ankle. In open kinetic chain, with the leg fixed and the foot free, the obliquity of the ankle 
joint axis causes the foot to abduct (deviate outward) on dorsiflexion and to adduct (deviate 
inward) on plantar flexion. The amount of transverse plane motion depends on the deviation 
of the axis from the transverse plane and the degree of sagittal plane motion (V almassy, 
1996). Roentgen stereophotogrammetric studies have demonstrated that the talocrural joint 
9 
was found to account for most of the rotation around the transverse axis occurring from 30 
degrees of plantar flexion to 30 degrees of dorsiflexion (Lundberg et al., 1989). 
Two anatomical blocks limit plantar flexion at the ankle. Tension placed on the 
anterior talofibular ligament in this position and by an osseous block produced when the 
posterior tubercle of the talus meets the posterior margin of the tibia. Dorsiflexion at the 
ankle is limited primarily by the limitations placed by stretch in the triceps surae muscle 
group, the posterior portion of the deltoid ligament, and the posterior talofibular ligament. 
Ankle joint dorsiflexion is also restricted by limitations placed on the range of motion, 
dictated by the point where the wider anterior portion of the trochlear surface of the talus 
comes in contact with the distal tibia and fibula (Valmassy, 1996). 
The subtalar joint functions as a hinge joint with the axis aligned in an oblique 
direction. The axis of the subtalar joint runs from posterior, plantar, and lateral, to anterior, 
dorsal, and medial. Research has placed the axis of motion around 42 degrees of inclination 
in a sagittal projection from the transverse plane and a 16-degree average medial deviation in 
a transverse projection from the sagittal plane. Due to these two axes, the subtalar joint acts 
like a mitered hinge. This pivot allows rotations of the leg and hindfoot to occur without the 
forefoot leaving the ground. The reported normal ROM of the subtalar joint is highly 
variable. The subtalar joint range of motion has been reported to be an average of 25 degrees 
(20 degrees inversion and 5 degrees eversion). Although there is some disagreement in 
regard to how much subtalar joint motion is required for normal locomotion, it appears that 
considerably less motion is actually required for normal function than is available in the 
average joint (Valmassy, 1996). 
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Mechanism of Injury 
Because of their frequency and the disability that results, ankle sprains present a 
major problem. Ankle sprains are generally caused by sudden lateral or medial twists 
(Arnheim, 1994). In many sports, cleated shoes become fixed to the ground whereas the 
limb continues to rotate around it. In addition, the very nature of changing directions while 
running places an inordinate amount of strain on the ankle region. These motions can occur 
with or without plantar flexion or dorsiflexion. Excessive supination of the foot (adduction, 
inversion, and plantar flexion) results when the plantar aspect of the foot is turned inward 
toward the midline of the body, commonly referred to as an inversion ankle sprain (Anderson 
& Hall, 1995). Plantar flexion and internal rotation commonly causes injuries to occur to the 
anterior talofibular ligament and the anterior capsule. Dorsiflexion and external rotation 
most commonly injure the deltoid (Hollis et al., 1995). 
Eversion 
Excessive pronation (abduction, eversion, and dorsiflexion) results when the plantar 
aspect of the foot is turned laterally, referred tq as an eversion sprain (Anderson, 1995). The 
eversion sprain occurs less frequently than the inversion sprain. The usual mechanism is the 
athlete's having suddenly stepped into a hole in the playing field, causing the foot to evert 
and abduct, and the planted leg to rotate externally (Arnheim, 1994; Reid, 1973). With this 
mechanism the interosseous ligament, and the Deltoid ligament may tear. A foot that is 
pronated, hypermobile, or has a depressed medial longitudinal arch is more susceptible to 
medial arch and eversion ankle injuries. 
With a tear of these ligaments the talus is allowed to move laterally within the 
mortise, leading to ultimate degeneration within the joint (Arnheim, 1994). The lower 
11 
frequency of occurrence is due to the strong deltoid ligament, and the ankle joint anatomy 
whereby the lateral malleolus extends more distally than the medial malleolus. Additionally, 
the talar dome is wider anteriorly than posteriorly. During dorsiflexion, the talus fits more 
firmly in the mortise supported by the distal anterior tibiofibular ligament. With excessive 
dorsiflexion and eversion, the talus thrusts laterally against the longer fibula resulting in 
either a mild sprain of the deltoid ligament, if the force is great enough, a lateral malleolar 
fracture. If the force continues after the fracture occurs, the deltoid ligament may be ruptured 
or may remain intact avulsing a small bony fragment from the medial malleolus (Anderson, 
1995). 
Inversion 
The most common ligament injury of the human body occurs to the lateral ankle with 
an inversion injury (Hollis, Blasier, & Flahiff, 1995). This type of mechanism is most 
common due to more bony stability on the lateral side, which tends to force the foot into 
inversion rather than eversion. This bony stability comes from the fibula projecting farther 
down to the level of the subtalar joint. If the force is great enough, inversion of the foot 
continues until the medial malleolus loses its stability and creates a fulcrum to further invert 
the ankle (AAOS, 1991). 
Usually a lateral ankle sprain involves either one or two tom ligaments. In a single 
ligament tear, it usually involves the A TF ligament, but if it is a double ligament tear with 
further inversion, the calcaneofibular (CF) ligament also tears (AAOS, 1991). In research 
performed by Sitler et al. (1994), the ATF ligament was the most frequently injured ankle 
ligament, accounting for 66% of the ligamentous injuries of the ankle. The tight heel cord, or 
Achilles tendon, forces the foot into inversion, making it more susceptible to a lateral sprain 
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(Amheim, 1994). In neutral or ankle plantar flexed positions, the peroneal muscles are 
primarily responsible for providing active resistance to externally induced inversion 
moments. If talocalcaneal rotation relative to the tibia goes unchecked during ankle 
inversion, ATF and CF ligament injury or rupture can be expected, with subsequent bony 
injury if the external forces continue (Ottaviani, Ashton-Miller, Kothari, & Wojtys, 1995). 
Plantar flexion 
Plantar flexion makes the ankle more susceptible to injury because of increased laxity 
of the joint and the position of the calcaneofibular ligament. Lateral ligament injuries are 
particularly common with plantar stress. As the ankle goes into plantar flexion, this ligament 
goes from a vertical to a horizontal position, resulting in less resistance to inversion (AAOS, 
1991). Generally, most vertically loaded ankle sprains, those that occur when an athlete 
lands on another athlete's foot, are more significant than horizontally loaded sprains because 
of a greater amount of body weight applied directly to the ankle joint (Arnheim, 1994). Bahr 
et al. (1994) reported an 86% injury rate for Norwegian volleyball players that sprained their 
ankle under the net area, mainly when landing after blocking (63% ), usually on another 
opponent's foot. Another serious sprain that involves the subtalar joint results from a fall 
from a height. The foot lands in inversion, disrupting the interosseous talocalcaneal and 
talonavicular ligaments (Anderson, 1995). 
Injury Statistics 
The very nature of athletic activity promotes injuries to the ankle. In fact, injuries to 
the ankle are the most frequent injuries in sports. In many cases a sprained ankle can be 
worse than a fracture (Amheim, 1994). Surve et al. (1994) state that the lower extremity 
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accounts for 64% to 88% of all injuries in European soccer. Of these injuries, 85% were 
ankle sprains. Barrett, Tanji, Drake, Fuler, Kawasake, and Fenton (1993) states that ankle 
sprains account for 10% to 28% of all sports related injuries. Bahr, Karlsen, Lian, and 
0vreb0 (1994) report approximately one-quarter to one-half of all acute injuries are ankle 
sprains. Greene and Wight (1990) quote the ankle is involved in 15% of injury situations in 
recreational and competitive sports. Eighty-five percent of the injuries to the ankle joint are 
of a single type, ligamentous sprains. Approximately 85% of all sprains involve damage to 
the ligaments of the lateral compartment. The most frequently injured ligament, accounting 
for 66% of injuries, occurs to the ATF (Sitler et al., 1994). 
The National Athletic Trainers' Association (NATA) compiles high school injury 
statistics for football, boy's basketball, and girl's basketball. From 1986 to 1988, an average 
of 331,865 high school football players was reported as sidelined by injury at least once each 
year. The second most prevalent injuries ( 16%) were to the ankle and foot (number one 
injury: hip and thigh [17.4%]). In boy's basketball during this same time, 22% were reported· 
to have sustained at least one time-loss injury each year. Approximately 42% of the injuries 
were to the ankle/foot; while the hip and thigh (second most injured) totaled 11 % of the 
injuries. Twenty-three percent of all female basketball players sustained at least one time-
loss injury each year. Ankle/foot injuries accounted for 32% of all injuries while knee 
injuries were the second most common (18%). 
In 1995, the NATA published another survey of high school basketball and football 
injuries. The 1995 survey showed the ankle/foot being injured 38.3% and 36.0% of the time 
for boys and girls respectively. In football, the ankle/foot was the fourth most injured body 
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area at (14.2% ). The hip/thigh/leg continued to be first, then the forearm/wrist/hand, 
followed by the knee (NATA, 1999). 
Tape and Brace Comparisons 
Tape and braces are continuously compared to each other. In this paper, comparisons 
are shown in order to demonstrate the wide myriad of differences observed between the two 
devices. The ultimate purpose is not to negate the usefulness, benefits, and practicality of 
either device only to show changes in volume of the lower extremity following exercise. 
Whatever the device used, tape and braces share the applied moment with the ankle 
and achieves a stiffness that is higher than the ankle alone provides. The stiffer the 
ankle/brace/sneaker combination is, the less resultant angulation for a given load. An 
external device on the skin may increase the player's proprioception, causing more effective 
muscular control. Despite published criticism and alternatives, taping is still regarded as the 
standard application for the prevention of ankle sprains (Shapiro et al., 1994). 
Despite numerous scientific investigations, the effectiveness of ankle taping has not 
been clearly established or refuted, and the subject remains highly controversial. The most 
probable explanation for the inconsistent findings of these studies is variation in tape 
application procedures. Ferguson (1973) suggests that loosening of tape during exercise 
render it incapable of maintaining the foot in a neutral position within the frontal plane. 
However, limitation of foot motion within the frontal plane may only be required near the 
limit of its normal physiologic range to prevent ankle ligament injury, and if so, significant 
tape loosening would not necessarily eliminate its protective effect (Wilkerson, 1991). The 
ankle brace retains its mechanical effect during exercise, but this effect has only been tested 
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at torque levels well below those seen in injury situations (Lephart & Fu, 2001). Brace 
manufacturers have stated that lace-up braces are superior to tape because of the ability to be 
re-laced if loosened. Braces are made from non-pliable, semi-rigid materials. If there were 
no reduction of lower leg volume, this re-tightening would not be i:iecessary. This 
observation gives support to hypothesis of this research study. 
Injury Prevention 
Many ankle conditions, especially sprains, can be reduced by proper taping or bracing 
(Amheim, 1994). Taping or bracing is used because it is assumed that external support 
increases ankle stability by reinforcing the ligaments and restricting motions such as extreme 
inversion. All brace types are designed with the common objective of providing the joint 
with normal kinematics while limiting abnormal kinematics that may damage the joint. In 
order to mechanically protect ligaments and articular surfaces the brace must directly control 
relative bony kinematics through attachments to a compliant musculature interface, which 
changes surf ace dimensions as an athlete contracts, relaxes, or moves the lower limb. 
Control must be present to the extent that abnormal joint kinematics and associated loading 
are prevented. The mechanical bracing and taping is expected to be a reduction of the 
maximal range of inversion motion, an increase in rotational stiffness, and an increase in 
maximal resistance to movement past the anatomical limits of subtalar inversion (Lephart & 
Fu, 2000). 
Since ankle taping is expensive and the technique is difficult to learn, an alternative to 
prophylactic ankle taping would be valuable. A functional semirigid support has been 
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claimed to be valuable in lateral sprains, and taping and a semirigid support have been said to 
be effective in restricting ankle inversion (Tropp, Askling, & Gillquist, 1985). 
In regards to injury prevention effectiveness while wearing footwear, all braces and 
tape significantly stiffened the unprotected ankle in a low top-shoe. Braces and tape were 
also more effective in resisting ankle inversion when the ankle is flat. In the high-top shoe, 
flat configuration, while there was great variability, none of the braces was significantly 
different from tape (Shapiro et al., 1994). Manufacturers now supply a variety of protective 
braces and supports. Pr<;>phylactic braces and adhesive tape are the two most common 
methods for increasing ankle stability. 
Ankle Braces 
Commercial ankle protections prevent excessive inversion and eversion of the ankle 
joint. These braces, along with adhesive ankle taping, are commonly used as prophylactic 
devices, and are used post-injury to provide additional stabilization to the joint. There are 
many types of ankle braces available today. Braces use either a lace-up nylon mesh material 
or a semirigid plastic. Use of a lace-up brace has been shown to limit all ankle motions, 
whereas a semirigid orthosis or air bladder brace limit only inversion and eversion. These 
braces are also easier for the wearer to apply independently and do not produce some of the 
skin irritation problems associated with adhesive tape. Braces also may be more cost 
effective (Anderson, 1995). 
There is little objective evidence to demonstrate that any brace has the ability to 
mechanically protect joints from harmful strains or loads of the magnitude seen in injury 
situations. It must be emphasized, however, that all modeling is done in restricted situations 
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with loads and speeds far less than real-life injury situations by extrapolating data outside the 
scope of the studies (Lephart & Fu, 2000). 
Adhesive Tape 
In 1895, Dr. V. P. Gibney published an article in The New York Medical Journal 
claiming to have found a treatment for ankle sprains "that involves no loss of time, requires 
no crutches, and is not attended with any ultimate impairment of function." What Dr. Gibney 
developed was a method of taping that Athletic Trainers would continue to use for over a 
century. 
The primary purpose for the application of tape is to provide additional support and 
stability for the affected body part (Wright & Whitehill, 1991). The purpose of ankle 
strapping is to prevent the hind foot from exceeding its physiologic limits of motion. Rear 
foot injuries pose one of the more serious problems to all concerned with athletic 
participation. The adhesive tape functions to add strength and give support to the ligaments, 
thereby preventing joint injury, or reinjury and to promote absorption of the edematous areas 
in case of an injury (Bullard, Dawson, & Arnson, 1979). Through the proper application, 
taping techniques can be applied to shorten the angle of pull of muscles and decrease joint 
range of motion. With the application of tape, proper angle, direction, and tension must be 
considered (Wright & Whitehill, 1991). 
Tape is available in a variety of widths. Most tape used for protection or support is a 
two-component material consisting of a backcloth and an adhesive mass made of a latex or 
acrylic base. Most non-elastic tape and some elastic tape can be hand tom (AAOS, 1991 ). 
Linen-backed tape is most often graded according to the number of longitudinal and vertical 
fibers per inch of backing material. The heavier and more costly backing contains 85 
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longitudinal fibers and 65 vertical fibers per square inch. The adhesive mass should adhere 
readily when applied and should maintain this adherence despite profuse perspiration and 
activity. The adhesive must also contain as few skin initants as possible and must be able to 
be removed easily (Amheim, 1994). Andreasson et al. (1983) has examined the mechanical 
properties of athletic tape. They found, from tensile tests, that the tape breaks at a force of 57 
N cm-1 width. The elastic modulus of the "elastic" tapes average 269 N cm-1 as compared to 
1,280 N cm-1 for the stiff tapes. 
Through the past century, Gibney' s method for taping has been adapted to the 
current, most used method for ankle protection (Appendix A). With the addition of "heel 
locks," the taping technique is the strongest strapping devised short of total immobilization 
via the cast. This method reduces deviations of the calcaneus medially to laterally, yet will 
still allow adequate dorsiflexion and plantar flexion (Bullard et al., 1979). The closed 
basket-weave technique offers strong tape support for newly sprained or chronically weak 
ankles (Arnheim, 1994). 
Tape Characteristics Before and After Exercise 
Past studies have shown that after ten minutes of vigorous exercise, the degree of 
support offered by the tape decreases in some instances as much as 40% (Greene & Wight, 
1990; Frumich et al., 1981; Malina et al., 1963; Rarick et al., 1962), and that many 
supportive strips of tape were tom or displaced after the exercise (Bullard et al., 1979). At 
the end of 20 minutes, no difference in the level of support given by the tape and the best two 
lace-on braces could be analyzed. Studies have reported 18% to 40% loss of support for 
taped ankles of humans after exercise (Bunch, Bednarski, Holland, & Macinanti, 1985). 
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Subsequent studies, however, have demonstrated that the effectiveness of ankle taping 
decreases rapidly with exercise. Several different reports have demonstrated a 12% to 50% 
decrease in the stabilizing effect of ankle tape after as little as 10 minutes of exercise. 
Although laboratory studies have indicated that prophylactic taping effectively restricts 
excessive ankle inversion before exercise, most but not all recent studies have indicated that 
this restriction is lost after an exercise bout (Surve et al., 1994). Vaes, De Boeck, 
Handelberg, and Opdecam (1985) used radiographic means to determine the restriction of 
tape on talar joint motion. There was a statistically highly significant reduction of tibiotalar 
instability following a 30-minute exercise activity program when using tape. 
Although the measurable support varied with type of wrapping and with individuals, 
the supporting strength of all wraps declined substantially followin.g exercise. It is not 
known whether the residual restriction that the tape provides is enough protection to decrease 
the frequency or severity of ankle sprains (Frumich et al., 1981). The tape-on-skin wrap 
proved to be superior in supporting strength both before and after exercise (DeLacerda, 1978; 
Malina et al., 1963). 
There is a statistically significant difference between the amount of frontal plane 
motion observed in the un-taped condition and that observed in the post-exercise taped 
condition. Therefore, this may logically be assumed to represent some degree of protective 
effect (Wilkerson, 1991). 
Injury Prevention Effectiveness 
In isolation, neither tape not the strength of the tape/skin interface would resist the 
predicted force required to rupture components of the lateral ligament. However, when 
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combined with the body tissues, strapping improved the capacity to dissipate the energy 
associated with potentially traumatic forces (McLean, 1989). Laboratory studies have 
indicated that semirigid orthoses maintain their mechanical support while taping does not 
sustain support after exercise. There is epidemiologic evidence, however, to show that taping 
is effective in reducing the incidence of ankle sprains. Considerable doubt lingers that the 
external support, in particular taping, can mechanically support an ankle that is subjected to 
the large forces required to rupture the ligaments. The application of a semirigid orthosis 
significantly reduces the incidence of ankle sprains in previously injured ankles but does not 
significantly alter the incidence of ankle sprains in previously uninjured ankles (Surve et al., 
1994). The possibility that another mechanism explains the beneficial effects of external 
support in preventing ankle sprains has come from a number of sources. 
Bullard et al. (1979) presented significant differences in the occurrence of re-injury 
prevention with a semirigid orthotic device but did not significantly alter the incidence of 
ankle sprains in previously uninjured ankles. The use of the semirigid orthosis also reduced 
the incidence of more severe ankle sprains. The author of one study (Bullard) has 
experienced instances where athletes participating in NCAA competition were taped 
preventively and proceeded to tear through completely as many as seven layers of tape. The 
athletes only received a mild or Grade I type of sprain as a result. The authors have 
concluded that although preventative taping will not guarantee absolute protection from 
hindfoot sprains, tape might prevent severe sprains (Bullard et al., 1979). Sitler et al. (1994) 
noted total number of ankle injuries as well as the number of single and combined ATF and 
CF ligament injuries were significantly reduced with ankle stabilizer use. Severity, however, 
was not significantly reduced with the stabilizer. Plantar flexion may be a more vulnerable 
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position for ankle sprains. Shapiro et al. (1994) observed braces demonstrated decreased 
efficacy in plantar flexion. 
Even the occurrence of a ligament injury to a taped ankle does not necessarily 
indicate that ankle taping is a completely ineffective practice. Even loosened tape may 
provide sufficient resistance to excessive foot motion to limit injury severity. The exact 
amount of residual constriction required to provide adequate protection for the ankle 
ligaments is unknown. The main purpose of tape is as a support or a substitute for a ligament 
in the brief initial stage of concentrated ligament loading. Since the muscles do not come 
into action rapidly enough, the force pulse would overload the ligament if the tape were not 
there to share the load (Andreasson, 1983). 
It would seem unlikely that adhesive tape applied to the soft tissue overlying the joint 
could restrict motion and aid in injury prevention. Taping effectiveness appears to be more 
dependent on the tensile strength of the tape than its adhesive properties. Tape correctly 
applied to a joint acts as an external ligament which aids in restricting excessive joint motion. 
The tape, like a ligament is dependent on its adherence, not throughout its entire length but 
only at its origin and insertion which, for and ankle, is in areas on minimal soft tissue and 
motion, therefore favoring maximum adherence (Laughman et al., 1980) 
Curious results come from a retrospective study dealing with the effectiveness of 
ankle bracing and taping in preventing recurrences of ankle sprains in female athletes. 
During a five-year period, the recurrence of ankle sprains and type of protection used were 
documented. The results of the study indicated that those athletes wearing braces had a zero 
recurrence rate. Those athletes that wore tape and a combination of tape and braces had a 
25% recurrence rate and those untreated had a 35% recurrence rate. The authors then suggest 
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that prophylactic bracing is effective in reducing the incidence of ankle sprains (Sharpe, 
Knapik, & Jones, 1997). The strange result of this study is the 25% recurrence rate of the 
combination of tape and bracing. This could imply that tape actually causes ankle injury if 
used with a brace. 
Associated Injuries 
Energy must be dissipated, force must be absorbed, and if this does not occur in the 
ankle, it would occur in the knee (Laughman et al., 1980). To prevent knee and ankle torsion 
injuries, the foot must be able to rotate in the direction of the body after extreme hip rotation 
has been reached. If the foot cannot rotate, then the superimposed body weight places 
considerable torque on the ankle and knee (Reid, 1973). The rotation of the lower leg is 
accommodated by the subtalar joint during a closed kinetic chain activity (Valmassy, 1996). 
Ferguson (1973) suggests the subtalar joint is a "safety valve" for the ankle joint and the 
knee. The application of an external support to any ankle may alter the transmission of 
forces through the lower limb. This may indirectly increase the incidence of other injuries to 
the lower limb, in particular injuries to the knee. This again provides indirect evidence that 
the main effect of an external ankle support is not to transmit forces to other anatomic 
structures of the lower leg but rather to alter the functional stability of the ankle joint. The 
more stable the ankle becomes protecting it from injury; the possibility of a more serious 
knee injury occurring is increased. The Anterior Cruciate Ligament (ACL) is most 
commonly injured in skiing due to internal rotation, external rotation, or hyperextension of 
the knee (Howe & Johnson, 1982). Modern safety devices are designed to allow the ski boot 
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to detach when twisted. Injuries still occur due to the sudden and large twisting forces 
applied to the knee and mechanical failure of the ski coupler. 
The effects this reduced ankle motion might have in the knee is yet unknown. No 
significant difference in the incidence of knee injuries could be found in studies regarding 
ankle support (Surve et al., 1994). In 1969, a study comparing the injury statistics of 20 
colleges and universities in the Big Ten, Mid-American, and Indiana Collegiate Conferences 
and a few independent colleges was performed. The researchers found the incidence of knee 
injuries was highest at the university where fewest ankles were taped; and conversely, lowest 
at the university where the most ankles were taped (Laughman et al., 1980). The use of 
prophylactic braces, particularly those guarding against ankle sprain, needs further 
investigation for its potential role in ACL injuries. The increased stability of the ankle and 
subtalar joint caused by bracing transmits the forces once absorbed be the ankle to the knee. 
However, current studies do not show that ankle bracing increases the incidence of knee 
sprains (Moeller & Lamb, 1997). A two-year study of braces by Sitler et al. (1994) showed 
no connections between knee injuries and ankle braces. 
Ankle Performance While Taped or Braced 
Many authors have stated that taping does not significantly hinder motor 
performance, and that properly applied tape does provide critical support at the limits of the 
ankle movement. The decrease in adhesive support with activity may not be a detriment 
(Bullard et al., 1979)~ Wiley and Nigg (1996) suggests an error in the study of braced ankle 
performance. Many of the studies used to determine the effectiveness of the tape or brace 
and their ability to restrict motions, comes from range of motion studies on passive ROM. 
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Ankle injuries rarely occur during an open kinetic chain activity. The controversy exists over 
whether the assessments of active ROM or passive ROM are reliable predictors of the 
functionality of an ankle orthosis. 
Faced with the seemingly contrary results of mechanical and clinical studies, it has 
been suggested that the true benefit of functional bracing may not be biomechanical 
reinforcement but, rather, proprioceptive enhancement (Lephart & Fu, 2001). Many ankle 
conditions, especially sprains, can be reduced by stretching the Achilles tendon, 
strengthening key muscles, proprioceptive training, wearing proper footwear, and proper 
taping (Amheim, 1994). Evidence exists that taping can reduce the incidence of ankle injury 
in sports despite laxity concerns. If the effect is not entirely mechanical some other 
mechanism must be in force (Firer, 1990). There is evidence that afferent receptors are 
present in the skin, muscle, and joint capsule and that these contribute to the proprioceptive 
input of both the knee and ankle. The primary position sense or movement receptors in the 
joint capsule and ligaments are located deep within the soft tissues and therefore may not be 
affected by an external ankle or knee support even if the support of an elastic bandage or tape 
with full contact of the skin. 
With the goal of preventing abnormal kinematics, the connection between the brace 
and soft tissues surrounding the lower limb is kept as rigid as possible. This allows for 
massive stimulation of the skin and subcutaneous structures and increased pressure on the 
underlying musculature. Plausible receptors to be involved include free nerve endings and 
hair end organs that react strongly to new stimuli and adapt quickly. In deeper subcutaneous 
levels Ruffini organs show tonic and slow adapting responses that can provide dynamic and 
static input. The afferent signals from the cutaneous receptors may themselves provide 
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proprioceptive information or they may facilitate proprioception and neuromuscular control 
by increasing relevant sensitive or motoneuron excitability (Lephart & Fu, 2001). 
Proprioceptive Effects 
It has been suggested that proprioceptive defects occur after an ankle injury. Trauma 
to mechanoreceptors of the lateral ligaments can produce a proprioceptive deficit in the ankle 
(Feuerbach, Grabiner, Koh, & Weiker, 1994). The disruption of afferent nerve fibers from 
mechanoreceptors located in the ligaments of the ankle joint may lead to impaired reflex 
stabilization of the foot during activity and therefore to an increased risk of injury. It has 
been suggested that methods to counteract proprioceptive dysfunction such as proprioceptive 
training will be successful in preventing recurrent ankle sprains. With all of the methods of 
ankle protection, it is often difficult to determine which method is best to counteract the 
forces placed on the ankle during exercise. Pope et al. (1987) explained that tape has a 
significant prophylactic effect against injuries to the lateral ligaments of the ankle. Studies 
have reported that these orthotic devices do not have a severe negative effect on athletic 
performance (Burks, Bean, Marcus, & Barker, 1991; Macpherson, Sitler, Kimura, & 
Horodyski, 1995; Pienkowski, McMorrow, Shapiro, Caborn, & Stayton, 1995; Wiley & 
Nigg, 1996). 
No significant difference in dynamic balance between taped and non-taped subjects 
was found. However, subjects with non-taped ankles had significantly better static balance 
than subjects with taped ankles (p< .05) (Thompson, 1984 ). Conflicting findings come from 
Hamer, Munt, Harris, and James (1992) who determined no significant effect on wobble 
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board performance could be found with the application of adhesive tape. This suggests that 
the proprioceptive input gained by adhesive tape is not present. 
Musculature Input 
The ankle is protected by the static defense offered by the lateral ankle and subtalar 
ligaments and capsule. In addition, there is a dynamic defense of the active muscles guided 
by reflexes and central strategies mediated by spinal or cortical centers. The peroneus longus 
and brevis muscles are the prime inverters of the foot and ankle complex, and have been 
suggested that they play a role in injury protection (Konradsen, Voigt, & H¢jsgaard, 1997). 
It is generally believed that adhesive tape stimulates the skin receptors and facilitates muscle 
contraction (McLean, 1989). Glick, Gordon and Nashimoto (1976) found that tape increased 
the length of the swing phase activity of the peroneus brevis and longus muscles prior to each 
heel strike during running. This would imply that tape stimulated the muscles to be 
preactivated and may have made them capable of resisting sudden ankle inversion situations. 
Taping has been shown to alter the proprioceptive function of the ankle joint by 
stimulating the contraction of the peroneus brevis muscle during the swing phase of running. 
It is therefore possible that external support of the ankle joint in previously sprained ankles 
improves their functional stability rather than their mechanical stability. It has been 
hypothesized that the main effect of the orthosis is to improve proprioceptive function of the 
previously injured ankle rather than to provide mechanical support alone (Surve et al., 1994). 
Karlsson and Andreassen (1992) researched the reaction time of the peroneal muscle 
by EMG signal after a simulated ankle sprain on a tilting trap door. The reaction time was 
significantly slower in the unstable ankles of 20 athletes with unilateral ankle instability than 
in the stable contralateral ankles. With tape, the reaction time was significantly shortened, 
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although not back to normal. The greatest improvement in reaction time was achieved in 
ankles with the highest degree of mechanical instability. Thus, the mechanism behind the 
function of ankle tape may be to restrict the extremes of ankle ROM and to help shorten the 
reaction time of the peroneus muscles by affecting the proprioceptive function of the ankle. 
Cordova, Armstrong, Rankin, Yeasting, and Andrezejewski ( 1998) found evidence to 
suggest that ankle braces function to reduce the strain placed on the peroneus longus during 
initial peak impact force. The authors also speculated based on reduced peroneus longus 
EMG activity, braces may aid in absorbing external inversion force placed at the foot and 
ankle during initial contact. 
Cutaneous Input 
Improved proprioception and postural awareness is often attributed to enhanced 
peripheral feed back associated with cutaneous receptors. Nishikawa and Grabiner (1996) 
found evidence to show braces might increase the afferent feed back from cutaneous 
receptors. Bennell and Goldie (1994) performed research on postural control and the effects 
of ankle support systems on balance. Results indicated the subjects were less steady and 
touched down more frequently while wearing a brace. Restriction of ankle movement was 
offered as a possible explanation for the results, since postural control was impaired only by 
the ankle supports that limited ankle motion. Feuerbach et al. (1994) determined that 
ligament mechanoreceptors contributed little to ankle joint proprioception. Afferent feed 
back from the skin, muscle, and other joint receptors was adequate for the positioning tasks 
of the study. Application of an orthosis may increase the afferent feed back from cutaneous 
in the foot and shank, which may in tum lead to an improved ankle joint position sense. 
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A description of the facilitation mechanism of muscle activity by stimulation of skin 
receptors is to be found in most physiology textbooks. Studies reported facilitation under 
static conditions just by stimulation of the skin overlying the muscle. Other studies 
emphasized that stimulation of the skin causes reflexatory muscle contractions. The data in 
this study support the hypothesis, that tape applied over a muscle facilitates its stabilization 
action. This facilitation can be important in preventing injuries because there is a loss in 
mechanical stability of tape after 10 minutes (Loos & Boelens, 1984 ). 
In unrelated research dealing with the effects of taping the fingers, wrist, and hand, 
Rettig, Stube, and Shelboume ( 1997) found evidence of a kinesthetic sensory feedback 
phenomenon that may be operative in the taped finger and wrist. Compression of the soft 
tissue envelope around the pulley system may enhance a perception of increased pressure 
during a grasp. Taping of the wrist may have proprioceptive effects. The results of the study 
were compared to proprioceptive effects seen due to ankle taping. This is similar to feed 
back seen in athletes who note a benefit from wearing a neoprene knee sleeve (Perlau, Frank, 
& Fick, 1995). 
An external device on the skin may increase the player's proprioception, causing 
more effective muscular control (Shapiro et al., 1994). A kinesthetic sensory feedback 
phenomenon may be operative in the taped finger and wrist similar to that seen in athletes 
who note a benefit from wearing a neoprene knee sleeve (Retting et al., 1997). Perlau et al. 
(1995) showed that elastic bandages significantly improved knee joint proprioception in the 
uninjured knee during the entire interval of their use. This benefit was lost after the bandage 
was removed. Robbins et al. (1995) found evidence to support their hypothesis that ankle 
taping improves proprioception before and after exercise. They also determined that foot 
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position awareness particularly when surface slope was greater than 10 degrees, presumably 
the most important range considering ankle injuries. 
In theory it is believed that the massive stimulation of the skin and subcutaneous 
structures exerted by the brace on the brace/skin interface will stimulate afferent skin 
receptors. The afferent signals from the cutaneous receptors may themselves provide 
proprioceptive information or may facilitate joint proprioception by increasing relevant 
sensitive or motoneuron excitability. Ankle braces decrease magnitude of postural sway and 
a reduced error of joint position assessment in healthy subjects. In groups of functionally 
unstable subjects, ankle braces improved proprioception as measured by postural sway, 
peroneal muscle reflex latency, and joint position sense. However, the number of studies 
showing a positive effect of ankle bracing are balanced by studies unable to show an effect 
on proprioception. It must be concluded that to date it is still unclear whether ankle braces 
have an effect on proprioceptive functions. This is true for both the claims that bracing 
improves proprioception in healthy subjects and for the claim that bracing reestablishes 
normal proprioceptive values in proprioceptive deficient individuals (Lephart & Fu, 2001). 
Lower Leg Volume 
Interstitial fluid is defined as an extracellular fluid that fills the spaces between most 
of the cells of the body and provides a substantial portion of the liquid environment of the 
body. The interstitial spaces refer to the space between tissues. The term edema refers to an 
excessive accumulation of serous fluid in the tissues of the body (Glanze, 1990) or an 
atypical accumulation of fluid in the interstitial spaces, resulting in tissue swelling (Knight, 
1985). Typically, edema forms from a blockage or overflow of the lymphatic drainage 
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system or by frank bleeding within the tissues. Edema collects primarily in joints and soft 
tissues. Once edema has formed it can be reduced or controlled in several different ways. 
These methods act to increase external hydrostatic pressures temporarily by compressing the 
limb, which prevents more fluid from leaking out of the capillaries and pushes fluid out of 
the extracellular space into the lymphatic-venous drainage system (Harrelson, et al., 1998). 
Continuous external pressure applied to the dependent limb would prevent the 
development of edema, but only at the cost of increased resistance to an already 
compromised arterial blood flow. Application of intermittent external pressure to the leg 
overcomes this disadvantage. External compression briefly raises tissue pressure, emptying 
the underlying veins and transiently reducing venous pressure without occluding arterial 
blood flow. 
Compression 
Studies have shown sustained reduction in swelling may be achieved by the addition 
of mild pressure to an already cooled extremity. By merely adding some form of 
compression in combination with cooling, one will maintain a reduction of swelling 
(Scheffler, Sheitel, & Lipton, 1992). Circumferential compression produces a consistent 
pressure around the entire circumference of a limb. It has been described as being most 
effective in reducing swelling around regularly shaped contours (Guskiewicz, Riemann, & 
Onate, 1999). Compression of tissues causes a pressure gradient between fluids. This 
compression brings application to Pascal's Law. In reference to water pressure, it states the 
pressure of a fluid is exerted in an object equally at a given depth. Also, the deeper the 
decent the greater the weight of fluid overhead. The deeper immersion results in greater 
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pressure exertion on the body causing centralization of blood flow thus counteracting the 
tendency of blood to pool in the lower extremities (Carlson, 1995). 
Compression decreases underlying blood flow. Edema, or excess interstitial fluid, 
forms as a result of an increase in capillary filtration pressure: the ratio of extravascular 
versus intravascular pressures. Fluid moves freely back and forth through capillary 
membrane; in fact, water molecules diffuse through the capillary walls several thousand 
times more rapidly than blood flows through the capillary. If the capillary filtration pressure 
is positive, however, the net movement of fluid is from the vascular system into the tissues, 
resulting in a gradual build-up of excess fluid, or edema. If the capillary filtration pressure is 
negative, the movement is into the vascular system from the tissues. Under normal 
conditions, the capillary filtration pressure is slightly positive, resulting in an excess of fluid 
in the tissues. This excess fluid is carried off by the lymphatic system and returned to the 
vascular system, thus preventing edema. 
Compression acts to increase pressure outside of the vasculature since external 
pressure is in the denominator of the capillary filtration pressure formula, this technique will 
help to control edema formation, and will also help reduce the swelling by promoting 
reabsorption of the fluid. External pressure is the most beneficial once edema begins to 
accumulate and will be effective as long as edema is present (Knight, 1985). The application 
of a compression bandage, which increases external hydrostatic pressure and prevents fluid 
from moving into the interstitial spaces, is an almost universal practice and typically 
accompanies elevation of the limb (Harrelson, et al., 1998). 
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Muscle Influence 
Another factor affecting the accumulation of edema fluid on the extremity is the 
tightness of the fascia! sheath enveloping the muscles. The muscles themselves can also 
affect the accumulation of edema by the contractile force of the muscle. The calf muscle 
pump also appears to play an important role in assisting venous return from the lower 
extremity and minimizing the accumulation of edema. As the calf muscles contract, the deep 
venous pressure rises as high as 200 millimeters of Mercury (mm Hg) and forces blood from 
the lower extremity. When a person sits with the lower leg in a dependent position and does 
not contract the calf muscle, hydrostatic and gravitational forces tend to favor interstitial fluid 
formation (McCollough & Boyd, 1992). During motionless standing an increased 
hydrostatic pressure leads to increased transcapillary fluid filtration into the interstitial space 
of the tissues of the lower extremities (Stick, Grau, & Witzleb, 1989). Foot and ankle 
volume, however, increases after walking and significantly increases after running in healthy 
individuals. The increases in volume probably was due to an increase in blood volume that 
resulted from an increase in blood flow and an increases in transcapillary filtration of 
intravascular fluid. 
Filtration of fluid extravascularly tends to remain rather continuous in muscles that 
have a thin fascia! covering, as found in the upper extremity. Fluid filtration tends to cease, 
however, in muscles surrounded by thicker fascia as in the lower extremity. The increase in 
resistance to filtration exerted by fascia could serve to counteract the high capillary pressure 
that encourages filtration (McCollough & Boyd, 1992). Alternating contractions of major 
muscle groups (e.g., a muscle pump) in the area of edema is another method that moves 
excess fluid along and out of the tissues (Harrelson, et al., 1998). 
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Effect of Body Position 
The position of the body makes a significant difference on the volume of fluid present 
in the lower extremity. The pressure in the lower leg dramatically changes depending on the 
position of the body. In the supine position, venous pressures in the ankles and wrists are the 
same as right atrial pressure, which varies from zero to three mm Hg, depending on 
respiration. As the subject assumes an upright posture, venous pressure rises 1 mm Hg for 
every mm of distance between the right atrium and the extremity segment. This can result in 
venous pressure as high as 90 mm Hg in the lower extremity. Hydrostatic pressure of the 
tissues just outside the capillaries is only a few mm Hg. Thus, as venous pressure increases, 
fluid could have a greater tendency to accumulate interstitially (McCollough & Boyd, 1992). 
Sims (1986) reported significant differences in lower leg volume depending in the 
position of the subject. Two groups were tested for leg volume following a period with their 
legs in either a sitting, dependent position or supine with their leg elevated. Results showed a 
seated person without any activity could expect an increase in the volume of the ankle 
between 16 and 18 ml after a 20-minute period. The individual with legs elevated for the 
same person would see a 14-17 ml decrease in volume. Dolan, Mendel, Teprovich, Marvar, 
and Bibi (1999) found significant increases in lower leg volume while positioned in a 
dependent position for 20 minutes. 
In subjects with a compromised peripheral circulation, blood flow to the leg is 
greatest in the dependent position, and at its lowest when the leg is elevated above the heart. 
However, when a subject is in the seated position, an increase in hydrostatic pressure 
produces equal rises in arterial and venous pressure. Prolonged dependency in a limb with 
circulatory insufficiency is therefore accompanied by edema. Continuous external pressure 
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applied to the dependent limb would prevent the development of edema, but this can only be 
achieved at the cost of increased resistance to an already compromised arterial blood flow. 
Temperature Influences 
Another factor influencing the lower leg volume is temperature. An increase in limb 
volume of 5 ml per degree Fahrenheit of rise in water temperature above 92° F (33.3° C) 
(McCollough & Boyd, 1992). Dolan et al., (1999) researched effects of temperature and 
position. There were significant increases in foot volume following an immersion in the 
dependent position in water at 36.1° Celsius. Colder water (1.7° C, 7.3° C, and 12.9° C) all 
prohibited increases in volume caused by body positioning. 
Summary 
Ankle taping is the most widely used method to prevent ankle injuries but it is a 
costly commodity and seems to lose support after a short bout of exercise. Ankle braces are 
widely used as an alternative because they have demonstrated increased and sustained 
restriction in ROM over time giving the perception that they are superior in preventing 
injury. The prevention of the injury should be the primary goal of any technique used. 
The purpose of this study is to determine the effects of tape and exercise on lower leg 
volume. Hypothesizing a decrease in volume of the taped region due to tape, the 
compressive nature of taping could possibly lead to increases in the ROM of the joint. 
Studies show lower leg volume decreases with exercise and compression. If the lower leg 
volume decreases after tape application, the support base of the tape would decrease to give 
possible meaningful changes in range of motion, which might lead to an injury. 
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CHAPTER3. ivIETHODS 
Fifteen-college aged, physically active, healthy subjects (4 female, 11 male) 
volunteered for this experiment following a description of the research goals and activities. 
Each subject provided and signed an informed consent as approved by the Iowa State 
University Institutional Review Board prior to participation. Appendix B contains the 
experiment description as presented to the subjects before volunteering and the informed 
consent form. All subjects were injury free and able to perform two fifteen-minute bouts of 
the prescribed exercise. On testing days, the subjects were asked to refrain from exercising 
previous to testing in order to keep the effects of activities of daily living (ADL) to a 
minimum. Testing was performed in the morning for all subjects. 
Equipment and Exercise Protocols 
Exercise 
Subjects performed two fifteen-minute bouts of exercise on a Naylor brand slide 
board (Naylor Laminates Inc., Newark, DE) shown in Figure 3. The slide board action 
replicated the repeated lateral motion of the body representative of typical activity in field or 
court sports. The slide board used was 264.16 cm long and 60.96 cm wide. Satin booties 
and a polished board surface assured minimal friction during the sliding trials. Two 50-
pound weights and a non-slip rubber pad prevented the slide board from moving in the 
ground. 
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Figure 3. Slide Board. 
An exercise bout was divided into three (two four-minute and one five-minute periods 
of activity separated by one minute of rest). Table 1 is a diagram of the exercise sequence. 
The intention of the exercise was to ensure long lateral movements (instead of increased 
frequency of movement). Therefore, subjects were instructed to push as hard as they could 
in order to cross the entire length of the slide board. Maintaining proper form and increasing 
slide length proved easier and safer for the subjects than attempting to slide as fast as they 
could. 
Table 1. Exercise Protocol 
Exercise Rest Exercise Rest Exercise 
4min. 1 min. 4min. 1 min. 5 min. 
For exercise period one, the subjects were taped with a modified closed basket weave. 
The method used was the Gibney closed basket weave with the addition of figure-eight and 
heel lock techniques described in Appendix A. The second exercise period required the 
subjects to perform the activity without ankle support. Both conditions were performed on 
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separate days in order to eliminate any carry over effects the exercise may have on lower 
extremity volume. 
Foot Volume 
Volumetric measurements were obtained from the right foot, ankle, and lower leg 
using a volumetric tank shown in Figure 4. This custom built volumeter was made using 
1.27-cm thick plexi-glass with interior dimensions of 25.4-cm x 45.72-cm x 45.72-cm 
(width x length x height). A 1.27-cm diameter valve was located 17.78-cm from the base of 
the tank with a hose attached to direct the displaced water into a receiving tank. This setup is 
represented in Figure 4. 
e 
Figure 4. Volumeter setup. 
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Volume of the lower leg was determined by measuring the weight of water displaced 
by the submerging of the limb into the tank. Displaced water was collected in a receiving 
tank (Figure 5). The weight of the displaced water was determined by subtracting the dry 
weight of the receiving tank from the measured weight of the receiving tank and displaced 
water. Volume of the displaced water was computed by dividing this weight by the 
temperature-corrected density of the water. 
Figure 5. Strain guage weight measurement setup. 
All weight measurements were made using a strain gage based load cell (Figure 5). 
The receiving tank was suspended directly from a SM-250 strain guage based load cell (250 
lb. max, Interface, Inc., Scottsdale, AZ) whose voltage output was sampled at a frequency of 
1000 Hz using an MPIOO AID acquisition unit (Biopac Inc., Santa Barbara, CA) interfaced 
with a Pentium-based computer for 3 seconds. Force measurements were calibrated and 
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averaged over the three-second trial using Acknowledge 3.5 software (Biopac Inc., Santa 
Barbara, CA). The water temperature was between 21.1 °C and 23.9 °C (70 °F to 75 °F). 
The density of water (H20) is equal to 1 kilogram per cubic meter (kg/m3). 
Volume Measurement Resolution 
The resolution of the volume measurement was determined to provide additional 
information to interpret the data. A 225 N (50 lb) reference weight produced 1.0423 V. The 
conversion from voltage to force was 
225N = 1.0423V 
conversion = 215.9 f (1) 
Recognizing that 9.8 N equals 1 kg and that 1 kg H20 = 1000 ml H20 and that the density of 
H20 is 1 kg per cubic meter (kglm3), this conversion could be expressed as 
215.9-Kx 1kg x 1000ml HzO X IV = 22.03 ml 
v 9.8N lkg H 20 IOOOmV mv 
(2) 
The MPIOO unit is a 16-bit AID board using a ±IOV range. This meant that the smallest 
voltage change the system could detect was approximately 0.3 m V (0.0003 V). This was 
used to determine the smallest volume changes detectable by this system. 
22.03 ::t x 0.3m V = 6.6ml (3) 
Test Protocol 
Preliminary experimentation was performed to determine the reproducibility of 
volume measurement during the experiment. The orientation of the foot and lower leg were 
visually inspected with each trial to ensure the leg was positioned similarly in the tank from 
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trial to trail. Twenty-five measurements were collected from the same subject in the manner 
used for the experiment. The average volume of the displaced water was 1500.4 ml (sd = 
28.8 ml, maximum= 1563.9 ml, minimum= 1441.7 ml). These data suggest the visual 
positioning and measurement of the foot, ankle, and lower leg volume was reproducible to 
20-30 ml. 
Subjects reported for testing on two occasions. All subjects completed testing 
requirements within two days of the initial visit. On one testing day, the subject completed 
the exercise with their right ankle taped while on the other day the exercise bout was 
completed without taping. The order of presentation of these trials was random. All subjects 
were required to have their right ankle and lower leg shaved free of hair. This allowed for 
easy tape removal and prevented air bubbles. After removing his/her right sock and shoe, 
each subject sat in a dependent position for 20 minutes in order to decrease the effects of 
ADL. The subject's first foot volume measurement was then taken to determine the pre-
exercise foot volume. 
Each subject then slowly lowered his/her extremity into the tank from a seated 
position behind the tank until the foot came to rest on the bottom. This prevented excessive 
water agitation and air bubble entrapment on the skin. The shaft of the tibia was maintained 
perpendicular to the base of the tank by adjusting the location the foot slightly on the tank 
floor (Figure 6). Once in place, the subjects were instructed to briefly wiggle their toes and 
move their foot in a circular motion to eliminate air bubbles between the submerged toes and 
skin. The run off valve was then opened and the displaced water was collected in the 
receiving tank. 
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For the taped condition the subject was taped using I½ inch Johnson and Johnson 
(New Brunswick, NJ) Zonas™ brand athletic tape applied by the same Certified Athletic 
Trainer. Prior to beginning the exercise bout each subject donned shoes and socks regardless 
of whether the right ankle was taped. Subjects then completed the 13-minute exercise bout. 
Upon completion of the exercise protocol, subjects removed their right shoe and sock 
immediately. If tape was applied to their foot, it was removed and the skin lubricant was 
wiped off. The removal of the shoes, socks, and tape required approximately 35 seconds for 
all of the subjects. Subjects completed this procedure approximately 10 seconds faster when 
they were un-taped. The subject then carefully placed their right foot into the tank in the 
same manner as before the exercise. Data collection occurred when water finished flowing 
out of the tank. 
Figure 6. Subject Positioning. 
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Statistics 
A two-way repeated measures ANOV A, condition x time was used to evaluate 
differences in foot volume between barefoot and taped conditions and pre- post-exercise. 
Statistics were calculated with version 8.0 of the SPSS computer program. 
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CHAPTER4. RESULTS 
No significant interaction between condition (barefoot vs. taped) and time (pre- post-
exercise) existed (F (1,14)= 0.206, p = 0.66). Barefoot volume measurements (1410.1 ± 
354.2 ml) were larger than taped volume measurements (1391.4 ± 354.2 ml) (F (1,14) = 6.95, 
p = 0.02). Pre-exercise volume measurements (1399.2 ± 353.9 ml) were not significantly 
different (F (1,14) = 0.25, p = 0.62) than post-exercise volume measurements (1402.4 ± 
359.8 ml). Volume increased by approximately 8 ml from pre- to post-exercise 









There were some individual subject changes (Figures 8 and 9). Eleven of the fifteen 
subjects showed an average increase of 20.1 ml in lower extremity volume following 
exercise when taped (Figure 8). These changes were evident in both males and females. 
Following exercise with no support 10 of the 15 subjects experienced decreases (avg. = 30.8 
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Figure 9. Individual volume data for barefoot trials. 
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CHAPTER 5. DISCUSSION 
The purpose of this study was to evaluate the effect of taping and exercise on lower 
leg volume. It was hypothesized that the compressive element of taping would cause a 
decrease in volume of the taped region following exercise. The data show there was no 
decrease in foot, ankle, and lower leg volume so increased ROM following exercise must be 
from other factors. 
It has been shown that sitting in a dependent position can influence the volume of the 
lower extremity (Sims, 1986; Dolan et al., 1999). It is possible the amount of time required 
to drain the displaced water was too long. This time, increased by the small size of the hole 
the water drained out of, could have allowed the fluids to return to the lower leg. Guskiewicz 
et al. (1999) measured the effects of external support on edema in acutely sprained ankles. 
Limited the time of measuring displaced water to less than 3 minutes protected the limb from 
being placed in a dependent position for an excessive period of time. 
Stick, Graw, and Witzleb (1989) observed following a change in body posture from 
lying to standing or sitting a two-stage change in calf volume occurred. A fast initial filling 
of the capacitance vessels was followed by a slow but continuous increase in calf volume 
during motionless standing and sitting with the legs in a dependent position. The rapid return 
of fluids during the draining of the volumetric tank may have temporarily increased the 
volume, surpassing pre-test levels before reaching the normal homeostatic balance. The 
natural elasticity of human tissues may have led to a "ballooning" effect of the lower leg 
showing post-exercise increases in foot volume. Sitting may also increase this due to the 
dependent positioning during testing. 
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Variations in foot and leg position in the volumetric tank may have obscured volume 
changes less than 20 ml. Thus, it is possible that the nature of taping may have compressed 
the foot and lower leg but unless this change was greater than 20 ml, it may not have been 
detectable. Previous studies (McCulloch and Boyd, 1992, and Cloughley and Mawdsley, 
1995) have indicated significant changes on the order of 25 - 34 ml but it was unclear how 
these studies controlled the placement of the foot and lower leg, casting doubt on the 
significance of their findings. 
Resolution of the measurement by the strain guage was determined to be 6.6 ml. This 
is more mathemat1cally exact than previous volumetric studies by McCulloch and Boyd 
(1992) and Cloughley and Mawdsley (1995) studies on volume changes of the leg. These 
studies reported significant changes in volumes, however, have some potential concerns. 
McCulloch and Boyd's 1992 study utilized a graduated cylinder and report no greater than a 
two-ml variation between any measurements. Yet, all data were rounded to the nearest 5-ml 
by judging the water meniscus in the cylinder. Cloughley and Mawdsley' s 1995 study 
required the transfer of displaced water from a receiver to a graduated cylinder. The 
displaced water estimated to the nearest 5-ml. Smaller increments were determined to be too 
difficult to record. Each of these studies reports volume changes in tenths of a milliliter 
despite rounding off to the nearest 5-ml. It is unclear how their measurements can be so 
exact with these methods and rounding techniques. 
The changes in volume of the foot, ankle, and lower leg may not be a measurement 
that can be measured accurately. Physiological differences of subjects may not lead to an 
accurate measurement. Wells, Youman, and Miller (1938) indicates muscles surrounded by 
a dense fascia will not permit capillary filtration to occur as readily as is the case when a thin 
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fascial sheath is present. While the gastrocnemius muscle appears to have a thin fascia! 
covering, a thick fascia envelops the soleus and tibialis anterior muscles. 
Areas that are not covered in muscles such as the ankle area and rear- and mid-foot 
have no muscle pumping effect to control fluid accumulation. This is seen in the 
discrepancies between Cloughley and Mawdsley's (1995) study showing post-exercise 
increases in foot and ankle volume and Stick, Graw, and Witzleb's (1989) study showing 
evidence of decreases in calf volume following exercise. Results of this experiment also 
show evidence of an increase in volume following exercise while taped. This would be 
contrary to the effects of compression. Rapid volume changes would be less likely to occur 
when the extremity is placed in a dependent position. However, if the position is maintained 
for a lengthy period, significant volume changes could occur. As to what this period is, the 
research does not explain. 
The effect of ankle taping and compression could be researched further by a 
technique called plethysmography. Stick, Grau, and Witzleb (1989) used this technique in 
determining the effect of the calf muscle pump. This process involves the recording of the 
changes in the size of a part as modified by the circulation of the blood in it. These changes 
can be measured by five different ways: air-cuff, dynamic venous, impedance, strain guage, 
and venous occlusion. Air-cuff plethysmography records changes in pressure in an air filled 
cuff surrounding the limb. Dynamic venous plethysmography measures changes in response 
to external or passive compression of the limb. Impedance plethysmography is a technique 
for detecting blood volume changes in a part by measuring changes in electrical resistance. 
Electrodes are placed around the calf and a pneumatic cuff around the thigh is inflated just 
enough to cause venous occlusion and then rapidly deflated. The drop in voltage is recorded. 
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Strain guage plethysmography records changes in limb circumference by employing a rubber 
tube filled with a conductive fluid. As the tube expands and contracts, the resistance in the 
fluid changes in proportion to the circumference of the limb. Venous occlusion 
plethysmography is the measurement of changes in limb circumference in response to 
temporary obstruction of venous return (Dorland, 1994 ). These techniques are normally used 
to determine the presence of deep vein thrombosis; a condition of impeded blood flow in the 
lower extremity. 
Stick, Grau, and Witzleb (1989) showed dynamic changes using plethysmography in 
the volume of the lower leg with the changing of body position. Especially a very fast 
increase due to the augmented filling of the vessels with blood as a result of the increased 
hydrostatic pressure when changing from a standing position to a sitting position. This 
increase was largely completed after two minutes followed by a linear increase in calf 
volume. This provides strong evidence to a change in volume and the resulting "ballooning" 
effect seen in this study. The increases in volume following taped exercise would reflect this 
dramatic equalizing swelling as the body returns to a homeostatic balance. Additionally, the 
volumetric decreases observed in barefoot exercise reflects the action of the muscle pump in 
lowering volume of the lower extremity. 
Volumetric changes in the soft tissue may be the most simple to measure in 
determining the looseness of tape on the ankle following exercise. Subjective analysis of the 
tape following activity will show only one place the tape has apparently expanded. This is at 
the lower leg, above the malleoli where the softest tissue is located. This area also has few 
muscles, mainly tendons passing through to the foot. However, this area has the most 
underlying soft tissue, such as adipose tissue. In many cases the tape around the heel and the 
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foot, areas with generally lower tissue content, are as tight as before exercise. Students in 
Sports Medicine programs are taught to very lightly apply tape around the foot to prevent 
cramping sensations and to allow the natural spreading out of the foot during activity. Why 
would this instruction be necessary if the tape would automatically lengthen? 
If foot volume remains unchanged as these data suggests, the tape must be expanding 
to accommodate the pressures of the motion of the ankle during activity. Measurements of 
the individual strips of tape before and after activity would determine if tape lengthens could 
be accomplished by simply removing and measure each individual strip of tape following 
activity then comparing to pre-exercise lengths. However, this procedure itself may alter the 
physical properties of the tape. First, concerns over the winding tension placed on the tape as 
it is manufactured may alter the length of the tape. This would come into play as the tape is 
removed from the roll, as the tape would shrink if the tension on the roll were tight or would 
be in a pre-stretched position. This would make the pre-test measurement wrong. Second, 
the size difference of the subject's ankles would alter the number of strips required. Larger 
ankles would need more tape, increasing both the thickness of tape and number of strips. 
There would also be a difficulty in assuring the exact technique is used for every subject. 
Third, the amount of time required removing and measuring each strip of tape following 
exercise may allow for subsequent strips to return to their original pre-stressed lengths. 
Finally, pulling the tape off the subject strip by strip may inadvertently lengthen the tape. 
As mentioned previously, the simple act of taping may add additional stresses to the 
tape, leading to differences in length. Measuring length changes when in vitro would be 
logical, isolating it to only one stress at a time. Affixing a predetermined length of tape to a 
stress with clamps could determine this. Unfortunately, this too would be difficult to assure 
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accurate results. The clamps may not allow uniform pressure or pull on the tape. This could 
allow slippage or unequal stress. The tape may react differently with the introduction of 
sweat and body heat. Measuring in vitro would not incorporate these factors. 
Strain guages may be used to determine the stress applied to and lengthening the tape 
strips. This process would involve the fixation of a guage to the tape and voltage changes are 
measured as the tape changes length. However, the adhesive used to apply the guage may 
alter the properties of the tape and produce misleading data. The use of a strain guage in 
plethysmograghic techniques may alter the tape when applied around it. 
Perhaps the most reliable method to determine the amount of fluid in the lower 
extremity would be through isotopic methods or imaging. Delis, Azizi, Stevens, Wolfe, and 
Nicolaides (2000) used isotropic methods to confirm findings on intermittent compressive 
devices. It could theoretically be possible to use magnetic resonance imaging (MRI) to 
determine the amount of fluid in an area following the exercise protocol. However, the draw 
back to this most accurate method would be cost. Transcutaneous oxygen tension (tcP02) 
measurements, by means of an electrode attached to the skin, could provide a functional 
assessment of cutaneous blood flow. A skin electrode measures oxygen tension as 0 2 
diffuses from the superficial regions of the skin. Under conditions of high skin blood flow, 
tcP02 approaches arterial P02• If arterial blood flow to the skin falls relative to metabolic 
needs, the tcP02 will decrease (Vella, Carlson, Blier, Fetty, Kuiper, & Rooke, 2000). If the 
electrode can be placed under the tape during activity and not effect the compressive forces 
of tape, a measurement of the blood flow could be determined. A lower value could suggest 
a compressive element added by the tape is occluding fluids from entering the taped area. 
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Other theories of the inability of tape to restrain motion following as little as 10 
minutes of exercise involve the adhesive of the tape. Stress applied to the tape decreases the 
strength and bonding properties of the adhesive. The accumulation of moisture between the 
skin and tape decreases adherence, further reducing the supportive function of tape 
(DeLacerda, 1978). The general loosening of tape adhesives of the skin during muscle 
activity, and also to the interchanging movements between tape and skin during activity 
(Larsen, 1984). 
The increases in range of motion allowed by tape after exercise is commonly used to 
discredit tape as a viable injury-preventing device. Braces, proclaimed the best injury-
preventing device, need to be re-tightened periodically during activity. Past research in the 
ROM reduction of ankle braces have blamed failure in the laces to remain tight (Bunch et al., 
1985). Manufacturers market braces as being able to re-tighten easily, although constructed 
out of a non-pliable material. The laces on the braces are lengthening under either stress, or 
the support base for the brace decreases. 
53 
CHAPTER 6. CONCLUSION 
Taping the ankle had little effect on the volume of the lower leg, foot, and ankle. 
There was no evidence of a compressive element added by the tape during exercise that 
reduced lower extremity volume. These data do not suggest that a change in lower extremity 
volume explains the development of laxity in a taped joint. Therefore, it is possible that the 
supportive characteristics of tape may change during use. Additional work should be 
conducted to assess the variables that influence the method of volume measurements such as 
body position, foot placement, or rate of volume restoration in a compressed region. It may 
also be useful to explore how the material characteristics of athletic tape change over time. 
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APPENDIX A. ANKLET APING PROCEED URE 
Many taping textbooks and manuals describe the best way to tape the ankle. 
Although they are not similar, accepted general guidelines should be followed for applying 
tape. The following is an example of these guidelines: 
1. Place the joint in the position in which it is to be stabilized (Amheim, 1992). 
2. Skin must be thoroughly cleaned, shaved, and free from the possibility of skin 
irritation. 
3. Pads with a non-water soluble lubricant should be applied to the distal aspect of the 
Achilles tendon and the area anterior to the ankle joint (Bonci, 1982). 
4. Addition of underwrap and some type of spray adhesive may help with the ease of 
application, wearing, and removing the tape. 
5. Strips of adhesive tape should be applied following the contours of the body and 
overlapping each previous strip of tape by at least one half the width. 
6. Maintain equal pressure (tension) on the tape throughout the procedure (AAOS, 
1991). 
7. Applied tape should be tight but allow profusion through the dorsalis pedis and the 
posterior tibial arteries (Bullard et al., 1979). 
8. Where maximum support is desired, tape directly over skin surfaces (Arnheim, 1994). 
The closed basket weave technique, as described by Arnheim (1994), offers strong tape 
support and is primarily used in athletic training for newly sprained or chronically weak 
ankles. The athlete sits on a table with the leg extended and the foot at a 90-degree angle. 
This procedure is explained below and shown in Figure IO (Pope, et al., 1987) 
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Figure 10. Gibney closed basketweave 
1. One anchor piece is placed around the ankle, approximately 5 or 6 inches (12.7 to 
15.2 cm) above the malleolus, and a second anchor is placed around the arch and 
instep. This anchor must be placed lightly around the foot to allow for foot splaying 
during ambulation. 
2. The first horseshoe is applied posteriorly to the malleolus and attached to the ankle 
stirrup. The horseshoes are applied by pulling the foot into eversion for an inversion 
sprain and into a neutral position for an eversion strain (Figure lOA). 
3. The first stirrup is started directly under the malleolus and is attached to the foot 
anchor (Figure lOA). 
4. In an alternating series, three stirrups and three horseshoes are placed on the ankle, 
with each piece of tape overlapping at least one half of the proceeding strip (Figure 
lOB) 
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5. After the basket weave series has been applied, the horseshoes are continued up the 
ankle, thus giving circular support. 
6. For arch support, two or three circular strips are applied. 
7. After the conventional basket weave has been completed, a heel lock should be 
applied for maximum stability. 
Apply heel locks using one of several methods. One simple method is described as follows. 
1. Begin the tape on the lateral lower part of the leg, cross the tibia at a 45-degree angle 
just above the medial malleolus. 
2. Pass directly behind the ankle and down onto the lateral aspect of the calcaneus, 
under the foot. 
3. Pass up onto the top of the forefoot. 
Reverse this process for the medial lock: 
1. Begin on the top of the forefoot. 
2. Cross in front of the lateral malleolus at a 45-degree angle going downward under the 
calcaneus and up behind the medial malleolus. 
3. Cross the Achilles tendon and continue to the top of the forefoot. Usually, two or 
three heel locks are sufficient. 
A figure eight is applied with force to cause slight foot eversion. Start the tape strip just 
in front of the medial malleolus, passing the tape under the foot and up the outside of the 
foot. As the tape passes under the foot, evert the foot while applying the tape firmly. The 
foot should be flattened as well as everted to prevent the tape from encircling the foot too 
tightly. The "8s" continue up and around the foot and around the lower leg. Usually two, 
three, or four "8s" produce adequate foot eversion (Figure 1 OC). Encircling the foot too 
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tightly distal to the base of the fifth metatarsal can result in foot discomfort. Applying the 
tape properly in conjunction with pressure to the foot, causing the foot to spread to a greater 
width, decreases the chances of this problem (AAOS, 1991). 
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APPENDIX B. TEST PURPOSE AND INFORMED CONSENT 
Research has shown that following 20 minutes of exercise, ankle taping provides little 
or no additional support. The purpose of this study is to determine the volume changes 
caused by the compressive effects of the prophylactic ankle tape on the lower leg, foot, and 
ankle. Due to the combination of compression and exercise, there should be decreases in 
foot volume. The non-taped treatment should also show a lesser decrease in foot volume. 
This would provide evidence that ankle tape does compress the lower leg, and that 
preventative ankle taping is not the sole culprit in the increase range of motion following 
exercise. 
You will be asked to come to the Biomechanics Lab on two separate days to perform 
the activity chosen for the study. The activity used for this study will be two fifteen-minute 
periods of "slide boarding." This will be broken up into three periods of four minutes on and 
one minute off. Athletic tape will be applied to the right ankle for one of the two periods. 
You will be required to shave your right ankle for this study. The University requires you to 
read and sign a consent form before testing takes place. This form will explain your rights as 
a test subject and explain any hazards to you. 
Each period will last approximately one hour and fifteen minutes. Feel free to bring 
any reading materials or something to do. Portions of the test require sitting. Please sign the 
sign up sheet with your telephone number along with what time of the day is most 





Compressive effects of athletic tape on foot, ankle, and lower leg volume 
Informed Consent Form 
1. David Petty, who is a graduate student of biomechanics at Iowa State University, has 
requested my participation in a research study. 
2. I have been informed that the purpose of the study is to investigate the compressive 
effects of athletic tape on foot, ankle, and lower leg volume. 
3. My participation will involve no more than minimal risk to me and will involve activities 
with which I am familiar. I understand that data collection will occur during two sessions 
on different days and that I will perform two-timed slide board exercise bouts of 15 
minutes each with two one-minute breaks. Testing will also require the application of 
athletic tape to my foot specifically designed to decrease the chance of injury. Volume 
measurements will be taken of my foot and ankle. 
4. I understand there are no foreseeable risks or discomforts to me (if I agree to participate 
in the study) other than those I am commonly exposed to in normal exercise. 
5. I understand that if I have a history of allergies to athletic tape and related materials, I 
should not participate in this study since athletic tape will be applied to my foot, ankle, 
and lower leg. 
6. I understand that the possible benefit of my participation in the research is advancement 
of the knowledge relating to injury prevention in athletics. The results of the study will 
be available to me. 
7. I understand that the results of the research study may be published, but that my name or 
identity will not be revealed. In order to maintain confidentiality of my records, David 
Petty will refer to me by using an appropriate subject number only. Subject information 
will be kept in Scott McLean's files (Forker 255). No one other that those directly 
involved in the research will have access to the confidential information. 
8. Emergency treatment of any injuries that may occur as a direct result of participation in 
this research will be treated at the Iowa State University Student Health Services, Student 
Services Building, and/or referred to Mary Greeley Hospital or another physician. 
Compensation for treatment of any injuries that may occur as a direct result of 
participation in this research may or may not be paid by Iowa State University depending 
on the Iowa Tort Claims Act. Claims for compensation will be handled by the Iowa State 
University Vice President for Business and Finance. 
9. I have been informed I will not be compensated for my participation. 
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(Cont.) 
10. I have been informed that any questions I have concerning the study or my participation 
in it, before or after my consent, will be answered by Scott McLean, assistant professor of 
biomechanics at Iowa State University. The telephone number I may call is (515) 294-
8755. 
11. If I have questions about my rights as a subject/participant in this research, or if I feel I 
have been placed at risk, I can contact the Chair of the Human Subjects Review Board, P. 
Keith, at 294-4531. 
12. I have read the above informed consent. The nature, demands, benefits and any risk of 
the project have been explained to me. I knowingly assume any risks involved. I 
understand that I may withdraw my consent and discontinue participation at any time 
without penalty or loss of benefit to myself. In signing this consent form, I am not 
waiving any legal claims, rights or remedies. A copy of this consent form will be offered 
tome. 
Subject's Signature ___________ Date ____ _ 
13. I certify that I have explained to the above individual the nature and purpose, the 
potential benefits and possible risks associated with participation in this research study, 
have answered any questions that have been raised, and have witnessed the above 
signature. 
14. These elements of Informed Consent conform to the rules designated by Iowa State 
University to the Department of Health & Human Services to protect the rights of human 
subjects. 
15. I have provided (offered) the subject/participant a copy of this signed consent document. 
Signature of Investigator ____________ _ Date ____ _ 
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